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ABSTRACT
D is tr ib u t io n a l patterns o f  re c ru i t in g  benthic invertebrates can be 
determined not only by patterns o f  settlement but also by early  post­
settlement m o r ta l i ty .  The re la t iv e  importance o f  these two processes on 
ea r ly  population dynamics necessitates an appropriate sampling scheme. 
Weekly samples were taken across a depth/sediment g rad ient (3, 6, 9, 12, 
18 meters; 75% to 5 % sand) in  the York River, V i rg in ia ,  U.S.A. during 
spring, 1985. Sediment grain size and adu lt communities change along 
th is  g rad ien t. A small-mesh sieve (125 um) was used to capture the 
smallest macrofauna juven iles  and aid in d is t in g u ish in g  between 
settlement and early  post-settlement m o r ta l i ty  o f  re c ru i ts .  These data 
reveal spec ies-spec if ic  patterns o f  settlement and o f  ea r ly  post­
settlement m o r ta l i ty  in determining recru itment along th is  environmental 
g rad ien t.
Of the 32 species which re c ru ite d , 3 polychaetes appeared in  great 
enough abundances to  d is t in g u ish  patterns across the transect.
Abundances o f  the ampharetid Asabel1 ides oculata and the p h y llo d ic id  
Eteone heteropoda ind ica te  tha t d i f f e r e n t ia l  settlement played an 
important ro le  in de fin ing  recru itment patterns w h ile  abundances o f the 
spionid Streblospio benedicti suggest d i f f e r e n t ia l  post-settlement 
m o r ta l i ty  a lte red  i t s  recruitment patterns.
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THE INFLUENCE OF POST-SETTLEMENT MORTALITY ON RECRUITMENT PATTERNS
IN A SOFT-BOTTOM HABITAT
INTRODUCTION
Recruitment, the appearance o f  new in d iv id u a ls  in a population, 
plays a key ro le  in e s ta b lish ing  temporal and spa t ia l patterns o f 
species abundance. Recruitment success is  governed by two general 
processes: 1) a r r iv a l  in the ha b ita t and 2) surv iva l (Thorson, 1966).
The m a jo r ity  o f  benthic invertebra tes produce large numbers o f  pelagic 
larvae which metamorphose and s e t t le  in to  the benthos (Thorson, 1946, 
1950; M ile ikovsky, 1971). In soft-bottom  h a b ita ts , the dimensions o f 
re c e n t ly -s e t t le d  ju ve n ile s  are frequen tly  smaller than 500 um (Shroeder 
and Hermans, 1975; Sastry, 1979), the common size d iv is io n  between 
macro- and meiofauna, and are re fe rred  to  as the temporary meiofauna 
(McIntyre, 1969). While in th is  ea r ly  benthic l i f e  stage fo llow ing  
settlem ent, juve n ile s  can s u f fe r  high m o r ta l i ty  (Zajac and W hitla tch, 
1982; Watzin, 1983); however, the methodology o f  recru itm ent studies 
fre q u e n t ly  includes using a >500 um sieve and/or sampling weeks or 
months a f te r  settlement. When populations are f i n a l l y  examined the 
observed recru itm ent patterns may be a composite o f  settlement and early  
post-se tt lem ent m o r ta l i ty  (Stimson, 1974, Luckenbach, 1984). I f  th is  
d is t in c t io n  is  not made, i t  can lead to  erroneous conclusions about 
patterns o f community s tru c tu re  (Keough and Downes, 1982) and o f 
adaptive recru itm ent (Yund et al_., 1987). An increasing awareness o f
2
3the complexity o f  ea r ly  population dynamics has eco log is ts  asking what 
the r e la t iv e  ro les o f settlement and ea rly  pos t-se ttlem ent m o r ta l i ty  are 
in  determining recru itm ent patterns (Underwood and Denley, 1984;
Connell, 1985; Woodin, 1985; Peterson, 1986).
Settlement patterns o f  benthic invertebra tes are a ffec ted  by 
processes acting at d i f fe re n t  scales: 1) la rge-sca le  la rv a l supply 
(Hannan, 1981; Grosberg, 1981; Gaines et al_., 1986), 2) meso-scale 
passive deposition o f  larvae (Eckman, 1983; Hannan, 1984; Butman, 1986) 
and 3) sm all-sca le active  ha b ita t se lec tion  by larvae (Scheltema, 1974; 
Woodin, 1985; D u b i l ie r ,  1988). These fac to rs  may work in concert to 
e s ta b lish  i n i t i a l  patterns o f  species d is t r ib u t io n  (Butman, 1987); 
however, even i f  competent larvae are ava ilab le  in the water column they 
do not necessarily  s e t t le  (Hannan, 1981). Hannan (1984) a t t r ib u te d  the 
p o s t la rva l d is t r ib u t io n  o f the c a p i te l l id  polychaete Mediomastus 
ambiseta to  passive d is t r ib u t io n  o f  larvae, but cautioned tha t 
postlarvae may a l te r  th is  pa tte rn  by choosing or re je c t in g  
m ic rohab ita ts . Larval avoidance o f  defaunated cores conta in ing any 
in d ic a t io n  o f  the a ren ico l id  polychaete Abarenicola p a c i f ic a , has been 
demonstrated by a spionid polychaete Pseudopolvdora kempi (Woodin,
1985).
There are many sources o f  e a r ly  m o r ta l i ty  o f  newTy-settled 
ju v e n i le s .  D irec t a d u lt - la rv a l in te ra c t io n s  (Woodin, 1976) include 
ingestion  o f  larvae from the water column (W illiam s, 1980; Wilson, 1980; 
Peterson, 1982) and o f  ju ve n ile s  from surface sediment (Wilson, 1981;
O live r  et al_-, 1982; Elmgren et a l* > 1986). Established infauna can 
also induce m o r ta l i ty  in d i r e c t ly  by burying larvae and ju v e n ile s  w ith 
sediment displaced by feeding, burrowing and defecating (Rhoads and
4Young, 1970; Brenchley, 1981; Wilson, 1981). In te ra c t io n s  w ith 
meiofauna have also proven to  decrease ju v e n i le  macrofaunal abundance 
(Be ll and C o u ll , 1979; Watzin, 1983, 1986).
The a b i l i t y  to  discern patte rns o f  settlement and post-settlem ent
m o r ta l i t y  has been demonstrated on hard-bottom sess ile  epibenthos 
(Grosberg, 1981; Keough and Downes, 1982; Wethey, 1984) and fo r  mobile 
epibenthos (Sarver, 1979; Cameron and Schroeter, 1980; Highsmith, 1982). 
E f fo r ts  to  evaluate recru itm ent in  soft-sediment hab ita ts  have 
h is t o r i c a l l y  been confounded by inadequate sampling techniques (see 
Butman, 1987). In the same repo rt th a t  Petersen (1913) declared the 
importance o f  studying populations from the "crad le  to  the grave", he 
also noted the sieves employed in h is research (1.75-1.50 mm) were so 
coarse th a t  " la rge  q u a n t it ie s  o f  Bivalve f r y  . . . pass through in such 
numbers th a t they would have been o f  q u a n t i ta t iv e  importance." A 
c la ss ic  European example o f predator-prey in te ra c t io n  may only be an 
a r t i f a c t  o f  sample s tra tegy . Segerstra le (1960, 1962) believed absence 
o f  the b iva lve  Macoma b a lth ica  from the deep waters o f  the Gulf o f 
Finland to be a re s u l t  o f  predation by the amphipod Pontoporeia sp. 
U nfortuna te ly , he based his theory on annual samples sieved on a 1 mm 
sieve. This sample s tra tegy could not d i f fe re n t ia te  whether M. ba lth ica  
was absent because i t  d id not s e t t le  in the deeper waters or because i t
d id  s e t t le  and experienced m o r ta l i ty  before i t  grew enough to be
re ta ined on a 1 mm sieve. Recently Heffernan (1985) noted tha t 
settlement o f  the s ig a l io n id  Pholoe minuta went v i r t u a l l y  undetected 
using a 500 um sieve. When using th is  sieve size in sample processing, 
the e a r l ie s t  sign o f  recuitment was October or November. The fo llow ing
year a 250 um sieve was used and i t  was discovered th a t  settlement o f £ 
minuta a c tu a l ly  s ta r ts  in A p r i l .
Part o f  the d i f f i c u l t y  in recru itment studies l ie s  in the c ry p t ic  
nature o f settlement in soft-bottom  hab ita ts . A common approach 
a r t i f i c i a l l y  estab lishes TQ w ith  manipulated sediment (e .g . azoic 
defaunated treatments) in boxes or trays in or above the sediment 
surface; however, these treatments may not y ie ld  data p e rt in e n t to 
actual settlement dynamics. Sediment treatments may func tion  as small 
scale disturbances a t t ra c t in g  o p p o rtun is t ic  species (T h is t le ,  1981) and 
s t ru c tu ra l  arrays may a l te r  flow  regimes which may bias settlement 
abundances (V irn s te in ,  1977; Eckman, 1983). The a l te rn a t iv e  approach i 
to  in te n s iv e ly  sample the water column and/or sediment to es tab lish  
settlement events in natural sediments (Muus, 1973; W illiam s, 1980; 
Bachalet, 1984; Luckenbach, 1984). These studies have employed 
appropria te sampling techniques to  c r i t i c a l l y  examine e a r ly  population 
dynamics o f benthic infauna.
To resolve whether recru itm ent patterns across a depth/sediment 
g rad ien t in the York R iver, V i rg in ia ,  U.S.A. are set by d i f fe r e n t ia l  
settlement or by d i f f e r e n t ia l  surv iva l in an estuarine soft-sediment 
h a b ita t ,  in tens ive  temporal sampling w ith  small sieve sizes was 
conducted. Euryhaline o p p o rtu n is t ic  polychaetes dominate th is  hab ita t 
(Boesch e t al_., 1976; Diaz, 1984). Five species o f  polychaetes 
dominating recru itm ent during th is  study were S treb losp io  benedicti 
(Webster, 1879), Asabel!ides oculata (Webster, 1879), Mediomastus 
ambiseta (Hartman, 1944), Eteone heteropoda (Hartman, 1951), and 
Le itosco lop los f r a o i l i s  ( V e r r i l l ,  1873). I document i n i t i a l  abundance
6patterns o f  new ly-se tt led  ju ve n i le s  and discern the in f luence  o f  ea rly  
post-se tt lem ent m o r ta l i ty  in  determining patterns o f  faunal recru itm ent.
METHODS
Study S ite
The study area (F ig. 1) is  an unvegetated, so ft-bo ttom  hab ita t in 
the meso-polyhaline zone o f  the lower York River estuary, V irg in ia  
(37°15’ N, 76°30’ W). Tidal amplitude is  0.7 meters and annual s a l in i t y  
ranges from 15 to  25 °/oo (Haas, 1977). A transect o f  f iv e  s ta t ions  (3, 
6, 9, 12, and 18 meters) was established along a depth grad ient from 
near shore to  the natural channel slope. Side-scan sonar mapping o f 
the study area (Hobbs, 1986; Wright et al_., 1987) ind ica tes  an 
environmental g rad ient o f  sediment type and bottom morphology (F ig . 1). 
The transec t crosses through bottom type V to  a steep slope at the 
channel marking the t ra n s i t io n  to bottom type V II (sensu Wright et al_., 
1987). Bottom type V (9 and 12 meter s ta t ions ) describes shallow muddy 
p la ins  and slopes w ith  sm all-sca le  (e.g. worm tubes) and meso-scale 
biogenic roughness elements. The meso-scale roughness elements 
punctuating the bottom are oyster she ll bioherms approximately 1-1.5 m 
in  diameter. Nikuradse roughness (a func tion  o f gra in  s ize) is  very 
smooth ( i . e .  mud surface). Most o f  the year the sediment is  covered 
w ith  a th in  1-2 cm nepheloid laye r o f  suspended m ateria l and fecal 
p e l le ts .  The Redox Layer D isco n t in u ity  is  genera lly  0.5 to 2.0 cm below 
the sediment surface (pers. obs .). The deepest s ta t io n  on the transect 
(18 m) l ie s  on the channel edge, a region o f  t ra n s i t io n  to  bottom type
7
8Figure 1 Location o f  sample s ta t ions  and bottom morphology o f the 
study s i te  in the York River, V i rg in ia  (adapted from Wright 
e t al_., 1987).
-
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V I I .  Type V II is  t y p ic a l ly  characterized by t id a l - c u r r e n t  induced 
sm all-sca le  and meso-scale bedforms. Nikuradse roughness in th is  
environment is  medium to rough ( i . e .  sand).
Experimental Procedure fo r  Assessing Population Dynamics
Weekly samples were taken at each s ta t io n  along the transect (3, 6,
9, 12 and 18 meters) across the York River. S ta tions were established
w ith  the Furuno LC90 LORAN-C System which is  genera lly  considered to
have a re p e a ta b i l i ty  o f  +15 meters. Sampling commenced March 15, 1985
and continued u n t i l  May 16. Another set o f samples were taken one month
2
la te r  on June 12. Three re p l ic a te  0.1 m Smith-Maclntyre grabs were
co lle c te d  at each s ta t io n .  A subsample was removed from the center o f
2
each grab w ith  an 82 cm p lex ig lass  corer. The top 2 cm o f each core 
were c a re fu l ly  removed in the f i e ld  and immediately f ixe d  in 10% 
fo rm a lin  w ith  Rose Bengal. In the labo ra to ry , samples were sieved 
through a nested series o f  500, 250 and 125 um screens and id e n t i f ie d  to 
the lowest possib le taxon (see Appendix I I  fo r  taxonomic guides used in 
th is  s tudy). The 125 um sieve ensures few i f  any new ly-se tt led  
ju ve n i le s  escape. I t  is  then possib le to id e n t i f y  when settlement 
occurred to  w ith in  7 days. These in d iv id u a ls  w i l l  be defined as early  
ju ve n i le s  and not s e t t le rs  since some m o r ta l i ty  may have occurred in the 
7 day span between sampling. Growing re c ru i ts  re ta ined on the 250 um 
sieve and 500 um sieve w i l l  be categorized as la te  ju ve n ile s  and adults , 
re s p e c t iv e ly .
The Smith-Mclntyre grab creates only a weak, o s c i l la to r y  shock wave 
(Wigley, 1967). This is  extremely important since the goal o f  th is  
sampling was to  inves tiga te  the surface sediments which contain any
11
n ew ly -se tt led  benthic inve rteb ra tes . Only cores which s t i l l  possessed 
an undisturbed surface ind icated by the presence o f  fecal p e l le ts  were 
re ta ined .
Physical Measurements
Sediment samples o f the top 2 cm were taken on three dates (March 
15, A p r i l  18, May 16). P a r t ic le  size analyses fo llowed the procedures 
described in Folk (1980). A f te r  wet s iev ing to  remove the sand f ra c t io n  
(p a r t ic le s  >63 um), the s i l t - c l a y  percentages were determined by time- 
series p ip e t t in g ,  a method based on p a r t ic le  s e t t l in g  v e lo c i ty .  The 
sand f ra c t io n  was fu r th e r  broken down in to  phi s ize classes using a 
Rapid Sediment Analyzer (RSA). The RSA is  a s e t t l in g  tube system th a t 
measures f a l l  v e lo c i t ie s  o f  sand-size p a r t ic le s  (Gibbs, 1974). P a r t ic le  
diameter was derived from the f a l l  v e lo c i ty  based on an empirica l 
equation (Gibbs e t a l - , 1971).
On every sampling date, bottom temperature (C°) and s a l in i t y  (°/oo) 
were measured at each s ta t io n  from Nansen b o t t le  water samples.
S a l in i t y  was estimated w ith  a re fractom eter.
Data Analysis
Species were selected a p o s te r io r i  fo r  data ana lys is . Animal 
abundances among s ta t ions  were compared w ith  Kruskal-Wall is  non- 
parametric ANOVAs by ranks (Hollander and Wolfe, 1973) fo r  each sieve 
size during the weeks the species appeared. A s ig n if ica n ce  leve l o f 
a<0.05 was chosen fo r  a l l  s t a t i s t i c a l  comparisons. I f  d if fe rences  were 
detected by the Kruskal-Wall is  te s t ,  pairwise comparisons were performed 
using a non-parametric Kruskal-Wall is  rank sum te s t  corrected fo r  t ie s
12
(Hollander and Wolfe, 1973). Sediment data among sampling dates was
2
compared w ith  a X Log-1ikelihood ra t io  te s t .
RESULTS
Physical Conditions
Sediments from 6m, 9m, 12m and 18m s ta t ions  d id  not s ig n i f ic a n t ly  
d i f f e r  among the three dates (Table 1). The 3m s ta t io n  sediments were 
not d i f fe r e n t  between March 15 and A p r i l  18 (X^= .533, df=2, £=0.7659) 
but were s ig n i f ic a n t ly  d i f fe re n t  by May 16. Although the sample size is  
sm all, i t  is  possib le the s ig n if ica n ce  at 3m s ta t io n  re f le c ts  the 
physical dynamics o f th is  inshore s ta t io n .  The sediment g rad ient along 
the transec t is  ind ica ted by the t ra n s i t io n  from f in e  sand at the 3 and 
6 meter s ta t ions  to  very f in e  sand at the 9, 12 and 18 meter s ta t io n s . 
Mean sand phi was not ca lcu la ted  fo r  two dates at the 18 meter s ta t io n  
due to  the small sand f ra c t io n  (<5% o f each sample). Sediment sizes in 
th is  study agree well w ith  the r igorous spa tia l sediment analysis o f the 
lower York River by Hobbs (1986).
During th is  study, bottom s a l in i t ie s  varied from 18 to  22 ° / ° °  and 
did  not change s ig n i f ic a n t ly  through time (ANOVA, df=54, £>.05). 
Bottom-water temperatures g radua lly  increased from 8.8°C on March 15 to 
24.3°C on June 12. Neither temperature nor s a l in i t y  varied g re a t ly  
among s ta t io n s  during a given sampling date (F ig . 2).
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Table 1. Date, sediment parameters and X Log-1ikelihood r a t io  fo r  each 
s ta t io n  in  transect (df=4; * ,  s ig n i f ic a n t  a ta < .0 5 ;  NS, 
not s ig n i f ic a n t  a ta > .0 5 ) .
S ta tion Date Cl ay% Si 11% Sand% Mean Sand Phi X2
3 m 3-15 17.2 8.6 74.2 2.20
4-18 21.0 9.2 69.8 2.20
5-16 7.9 3.3 88.8 1.94 *
6 m 3-15 61.2 33.2 5.6 2.94
4-18 61.7 30.5 7.8 2.81
5-16 53.8 31.3 14.9 2.60 NS
9 m 3-15 46.3 27.4 26.3 2.89
4-18 49.9 28.7 21.4 3.11
5-16 52.5 29.8 17.7 3.10 NS
12 m 3-15 50.8 28.2 21.0 3.12
4-18 50.5 25.4 24.1 3.02
5-16 56.7 30.5 12.8 2.87 NS
18 m 3-15 67.3 30.1 2.6 • — «- -
4-18 59.1 34.9 6.0 3.35
5-16 58.7 36.3 5.0 NS
15
Figure 2 . Bottom temperature (C°) and s a l in i t y  (ppt) mean and range 
fo r  each sampling date.
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Faunal Composition
Sampling produced 165 cores from the f iv e  s ta t io n s  along the 
transec t and y ie lded  over 62,000 in d iv id u a ls  encompassing at le as t 62 
species (Appendix I ) .  Polychaetes dominated the study area accounting 
fo r  86.8% (28 species) o f  the to ta l  ind iv id u a ls  (Table 2). A l i s t  o f
the eleven most abundant species is  contained in Table 3. A breakdown 
o f  to ta l  abundance by sieve size ind ica tes the magnitude o f  recru itm ent 
fo r  each species and the approximate size o f e a r ly  ju v e n i le s .
In d iv id u a ls  re ta ined on the 125 urn sieve accounted fo r  47.1% o f the 
to ta l  species abundance.
Five polychaetes and one oligochaete rec ru ite d  in d is t in c t  peaks 
during the study: an ampharetid, Asabellides oculata (Webster, 1879);
an o rb in id ,  Le itosco lop los f r a g i l i s  ( V e r r i l l ,  1873); a phyllodocid ,
Eteone heteropoda (Hartman, 1951); the spionids S treb losp io  benedicti 
(Webster, 1879) and Polvdora cornuta (Bose, 1802) and the na id id  
o ligochaete Paranais 1i t t o r a l i s  (M u lle r, 1784). The b iva lve  M ulin ia 
1a te ra l is  (Say, 1822) re c ru ite d  before the study began wh ile  the 
c a p i t e l l i d  polychaete Mediomastus ambiseta (Hartman, 1944) and the 
goniadid polychaete G1vcinde s o l i t a r ia  (Webster, 1879) began th e i r  
recru itm ent at the study end. Two species displayed in d is t in c t  
recru itm ent pulses: the t u b i f i c i d  oligochaetes T ub if ico ides  spp. and the 
cumacean Leucon americanus (Zimmer, 1943). Descrip tions o f  the 
recru itm ent o f  these eleven dominant species are d e ta i le d  below.
Species w ith  pe lagic larvae (see Table 3) are presented f i r s t .  Those 
species w ith  d ire c t  development or asexual reproduction fo l lo w .
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Table 2. Total abundance and number o f  species fo r  major taxa 
co llec ted  in study.
Taxon Abundance % o f Total
No. o f  
Species
Polychaete 54,511 86.8 28
01igochaete 4,254 6.8 3 (?)
B ivalve 1,037 1.7 8
Gastropod 697 1.1 5
Arthropod 1,635 2.6 18
Other 620 1.0 _
TOTAL 62,804 100.0 -62
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Table 3. Abundance, to ta l  and by sieve, o f  eleven dominants co llec ted  in
the study. A s te r isk  ind ica tes species w ith  pe lag ic  la rvae. Taxon 
code: B-Bivalve, C-Cumacean, 0-01igochaete, P-Polychaete.
Species
Total
Abundance 500 urn 250 urn 125 urn
* Asabellides oculata (PI 23,566 1,576 4,960 17,030* Mediomastus ambiseta (P) 14,424 3,524 4,512 6,388* StreblosDio benedicti (P) 11,450 1,970 5,115 4,365
Paranais l i t t o r a l  is  (01 2,841 1,338 1,399 104* Eteone heteropoda (PI 1,640 249 636 755
Tub if ico ides  spp. (0) 1,413 887 414 112* L e ito s c o lo d Ios f r a a i l i s  (P) 1,048 349 399 300
Leucon americanus (C) 1,045 637 407 1* Glvcinde s o l i t a r ia  (P) 983 282 566 135* M ulin i a 1a te ra l i  s (B) 790 661 128 1* Polvdora cornuta (P) 566 216 293 57
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Population Dynamics
Asabel1 ides oculata (Webster, 1879)
R ecen tly -se tt led  ju ve n ile s  o f  Asabel1 ides oculata were detected in 
seven o f  the eleven weeks o f  the study (F ig . 3 ) . Mean e a r ly  ju ve n ile  
length was 791.1 +114.2 urn (N=30). Larvae o f  A. ocu la ta  appeared to 
s e t t le  in  two d is t in c t  waves peaking on May 2 and May 16. The f i r s t  
wave began A p r i l  11 w ith  a few re c e n t ly -s e t t le d  ju v e n i le s  appearing at 
the 9 m s ta t io n .  Juveniles appeared at a l l  s ta t io n s  on A p r i l  18, 
abundances gradua lly  increasing to  a peak on May 2. Abundances f e l l  May 
9 and then increased again the fo l lo w in g  week at a l l  s ta t io n s  except at 
the 3 m s ta t io n  where recru itm ent leve ls  were maintained u n t i l  May 16.
Few ju ve n i le s  were present one month la te r  on June 12.
Recruitment peaks are e a s i ly  seen in the three-dimensional 
representa tion  o f  the data (F ig . 4 ). Approximately 72% o f a l l  
in d iv id u a ls  were captured on the 125 urn sieve, 21% on the 250 urn sieve 
and 7% on the 500 urn sieve. Abundances o f  re c e n t ly -s e t t le d  ju ve n ile s , 
la te  ju ve n ile s  and adults d i f fe re d  s ig n i f ic a n t ly  among s ta t io n s  w ith 
h igher abundances found at the deeper s ta t ions  o f  the transec t. 
R ecen tly -se tt led  (125 urn sieve) and la te  (250 urn sieve) juve n ile s  
appeared in s ig n i f ic a n t ly  lower abundances at 3 m s ta t io n  than at the 6 
m, 9 m and 12 m s ta t ions  (Table 4). The 3 m and 18 m s ta t io n s  did not 
s ig n i f i c a n t ly  d i f f e r  through re c e n t ly -s e t t le d  and la te  ju v e n i le  stages.
Adult abundances (500 urn sieve) were s ig n i f ic a n t ly  lower at the 3 m 
s ta t io n .
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Figure 3 Asabellides o cu la ta . Weekly abundance (mean + 95% 
confidence in te rv a l )  o f  re c e n t ly -s e t t le d  ju v e n i le s  (125 urn 
s ie v e ) .
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Figure 4. Asabel1 ides o cu la ta . Mean abundance on each sieve (500, 250, 
125 um) by s ta t io n  through time.
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Table 4. Results o f  a p o s te r io r i  m u lt ip le  comparisons o f  animal
abundances between s ta t io n s .  Stations are l is te d  in order o f 
increasing mean rank abundance fo r  each taxon. S tations not 
s ig n i f i c a n t ly  d i f fe re n t  at a<0.05 are underlined.
Total sample size (N) and p ro b a b i l i t ie s  l i s te d  are fo r  a 
p r io r i  Kruskal-Wal1is  te s t .  NS = no s ig n i f ic a n t  d iffe rences 
among s ta t ions  detected by a p r io r i  te s t in g .
Asabel1 ides oculata
125 urn sieve 3m 18m 6m 9m 12m N=90 ^<0.001
250 urn sieve 3m 18m 6m 12m 9m N=75 £<0.005
500 urn sieve 3m 12m 9m 18m 6m N=75 £<0.001
S treb loso io  benedicti
125 urn sieve 18m 9m 6m 12m 3m N=90 £<0.0001
250 urn sieve 18m 9m 12m 6m 3m N=75 £<0.0001
500 urn sieve 18m 9m 12m 6m 3m N=75 £<0.005
Eteone heteroooda
125 urn sieve 18m 12m 9m 6m 3m N=75 £<0.01
250 urn sieve 18m 12m 9m 6m 3m N=75 £<0.01
500 urn sieve 18m 9m 12m 6m 3m N=60 £<0.05
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Table 4. (con t.)
Le itosco lop los f r a q i l i s
125 um sieve NS
250 um sieve NS
500 um sieve 18m 6m 9m 12m 3m N=165 jxo.oo:
Mediomastus ambiseta
125 um sieve 18m 12m 9m 6m 3m N=90 £<0.01
250 um sieve 
500 um sieve 3m 6m
NS
12m 9m 18m N=90 £<0.05
Glvcinde s o l i t a r ia
125 um sieve 
250 um sieve 
500 um sieve
NS
NS
NS
Polvdora cornuta
250 um sieve 18m 9m 12m 6m 3m N=90 £<0.01
500 um sieve 9m 18m 12m 6m 3m N=90 £<0.05
M ulin ia  la te r a l i s
250 um sieve 3m 6m 12m 9m 18m N=75 £<0.05
500 um sieve 3m 6m 12m 9m 18m N=135 £<0.001
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Table 4. (co n t.)
Paranais 1i t t o r a l i s  
250 um sieve
500 um sieve
T u b if ico id e s  spp. 
250 um sieve 
500 um sieve
Leucon americanus 
250 um sieve 
500 um sieve
18m 6m 12m 9m 3m N=120 £<0.001
18m 12m 9m 6m 3m N=120 £<0.001
NS
3m 6m 9m 12m 18m N=165 £<0.001
NS
NS
28
Streb losp io  benedicti (Webster, 1879)
Pelagic larvae o f  S treb losp io  benedicti s e t t le d  A p r i l  11 at a l l  
s ta t io n s  (F ig . 5). Mean ju v e n i le  length was 563 +80.9 um (N=24). 
R ecen tly -se tt led  ju ve n ile s  continued to  appear in high numbers through 
May 16. Over 38% o f  a l l  S. benedicti re c ru i t in g  during the study 
appeared on the 125 um sieve and nearly 45% on the 250 um sieve (Fig.
6).
Abundances o f  re c e n t ly -s e t t le d  ju ve n i le s ,  la te  ju ve n ile s  and adults 
were s ig n i f ic a n t ly  d i f fe re n t  among depths (Table 4). The 18 m s ta t io n  
exh ib ited  s ig n i f ic a n t ly  lower abundances o f  re c e n t ly -s e t t le d  juve n ile s  
than a l l  other s ta t ions  in the transec t; however, the pattern  o f 
abundance changed among the adults  (Table 4). For example, the 9 m and 
12 m s ta t io n  which d i f fe re d  s ig n i f ic a n t ly  from 18 m among re cen tly -  
s e t t le d  and la te  ju ve n i le s ,  d id  not d i f f e r  among adu lts .
Eteone heteropoda (Hartman, 1951)
R ecen tly -se tt led  ju ve n ile s  o f  Eteone heteropoda appeared on A p r i l  
18 a t a l l  s ta t io n s ,  w ith  abundances recorded through May 16 (F ig . 7).
Mean ju v e n i le  length was 503.6 +75.6 um (N=18). Over 46% o f a l l  E. 
heteropoda were re ta ined on the 125 um sieve and almost 39% on the 250 
um sieve (F ig . 8 ) . Abundances o f  re c e n t ly -s e t t le d  ju ve n i le s ,  la te  
ju ve n i le s  and adults d i f fe re d  s ig n i f ic a n t ly  among s ta t ions  w ith  highest 
abundances found at the shallower s ta t ions  o f  the transec t. The 
abundance patte rn  o f  the re c e n t ly -s e t t le d  ju ve n i le s  and la te  juven iles  
was v i r t u a l l y  id e n t ic a l (Table 4). The 3m s ta t io n  maintained higher 
abundances than the 18 m s ta t io n .  Adults d i f f e r  w ith  the 9 m and 18 m
29
Figure 5 S treb losp io  b e n e d ic t i . Weekly abundance (mean + 95% 
confidence in te rv a l)  o f  re c e n t ly -s e t t le d  ju ve n i le s  (125 um 
s ie v e ) .
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Figure 6. Streblospio bened ic ti. Mean abundance on each sieve size
(500, 250, 125 um) by s ta tion  through time.
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Figure 7 Eteone heteropoda. Weekly abundance (mean + 95% 
confidence in te rv a l)  o f  re c e n t ly -s e t t le d  ju v e n i le s  (125 um 
s ie v e ) .
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Figure 8. Eteone heteropoda. Mean abundance on each sieve size (500,
250, 125 um) by sta tion  through time.
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abundances s ig n i f ic a n t ly  lower than 3 m while  the 6 m and 12 m s ta tions  
are not d i f fe r e n t  from a l l  o ther s ta t io n s .
Le itosco lop los f r a g i l i s  ( V e r r i l l ,1873)
Le itosco lop los f r a g i l i s  maintained f a i r l y  constant le ve ls  o f 
re c e n t ly -s e t t le d  ju ve n ile s  thoughout the study (F ig . 9 ). Mean ju v e n i le  
length was 767.9 +156.6 um (N=12). Almost equal abundances appeared on 
the 125, 250 and 500 um sieves (F ig . 10). No c le a r  trend among s ta t io n  
abundance could be d is t ingu ished  among the re c e n t ly -s e t t le d  ju ve n iles  or 
la te  ju ve n i le s  (Table 4). Adu lt abundances were s ig n i f i c a n t ly  higher at 
3 m than at a l l  o ther s ta t io n s .
Mediomastus ambiseta (Hartman, 1944)
R ecen tly -se tt led  ju ve n ile s  o f  Mediomastus ambi seta appeared on 
A p r i l  18 at a l l  s ta t io n s ; however, a large settlement pulse was recorded 
on June 12 (F ig . 11). Mean ju v e n i le  length was 428.6_+89.7 um (N=45). 
Juven ile  length on the 125 um sieve in la te r  weeks increased to as much 
as 3 mm. Over 44.3% o f the in d iv id u a ls  were re ta ined on the 125 um 
sieve and 31.3% on the 250 um sieve (F ig. 12). Abundances o f  recen tly -  
s e t t le d  ju v e n i le s  were s ig n i f ic a n t ly  d i f fe re n t  among s ta t io n s ,  the 3 m 
s ta t io n  having s ig n i f ic a n t ly  g reater juven iles  th a t  the 18 m s ta t io n .
Late ju v e n i le  abundances in d ica te  no c lea r trend. Adu lt abundances 
d i f fe re d  among s ta t io n s , but in reverse order o f  re c e n t ly -s e t t le d  
ju v e n i le s .  S ta tions 3 m and 6 m had s ig n i f ic a n t ly  fewer animals than 
the 18 m s ta t io n .
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Figure 9 Le itosco lop los f r a g i l i s . Weekly abundance (mean + 95% 
confidence in te rv a l )  o f  re c e n t ly -s e t t le d  ju v e n ile s  (125 
um s ie v e ) .
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Figure 10. Leitoscoloplos f r a g i l i s . Mean abundance on each sieve size
(500, 250, 125 um) by sta tion through time.
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Figure 11. Mediomastus am ib iseta . Weekly abundance (mean + 95%
confidence in te rv a l )  o f  re c e n t ly -s e t t le d  ju ve n i le s  (125 um 
s ie v e ) .
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Figure 12 Mediomastus ambiseta. Mean abundance on each sieve size
(500, 250, 125 um) by sta tion through time.
0* ~/>r// fM fT T /rs j
450
a /m rs s ;
46
G1vcinde s o l i t a r ia  (Webster, 1879)
R ecen tly -se tt led  ju v e n ile s  f i r s t  appeared May 9 w ith  the main 
ju v e n i le  peak ind icated on June 12 (F ig. 13). Mean ju v e n i le  length was 
683.3 +121.1 urn (N=12). Approximately 13.7% o f in d iv id u a ls  were 
re ta ined  on the 125 urn s ieve, 57.6% on the 250 urn sieve and 28.7% on the 
500 urn sieve. There was no c le a r  trend in abundance among s ta t io n s .
Polvdora cornuta (Bose, 1802)
Mean ju v e n i le  length was 965.6 +108.5 urn (N=16). Only 10.1% o f 
re c ru i ts  appeared on the 125 urn sieve while 51.8% were on the 250 urn 
sieve ( F ig .14). Since the e a r l ie s t  Polvdora cornuta detected were on 
the 250 urn sieve, they w i l l  be re fe rred  to as re c e n t ly -s e t t le d  
ju v e n i le s .  Juvenile and adu lt  abundances d i f fe re d  s ig n i f ic a n t ly  among 
s ta t io n s .  Juvenile  abundance was lower at 18 m than at 3 m (Table 4). 
Although the adu lt abundance was s ig n i f ic a n t ly  d i f fe re n t  among s ta tions  
(K ruska l-W a ll is ,  £=0.0208), m u lip le  comparisons could not id e n t i f y  which 
s ta t io n s  were d i f fe re n t .
M u lin ia  1a te ra l is  (Say, 1822)
M ulin i a 1a te ra l i  s re c ru ite d  before the f i r s t  sample date as 
ind ica ted  by only 16.2% o f the in d iv id u a ls  appearing on the 250 urn sieve 
(F ig . 15). The m a jo r ity  o f  th is  species was caught on the 500 urn sieve 
(83.7%). Juvenile  and adu lt abundances d i f fe re d  s ig n i f ic a n t ly  among 
s ta t io n s  (Table 4). M u lt ip le  comparisons could not id e n t i f y  which 
s ta t io n s  were d i f fe re n t  fo r  ju v e n ile s  (Kruskal-Wall is ,  £=0.0370); adults 
o f  M. 1a te ra l is  were s ig n i f i c a n t ly  fewer at the 3m s ta t io n  than at the 9 
m, 12 m or 18 m s ta t io n .
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Figure 13. G1vcinde s o l i t a r ia . Mean abundance on each sieve size (500,
250, 125 um) by s ta tion through time.
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Figure 14. Polvdora cornuta. Mean abundance on each sieve size (500,
250, 125 um) by s ta t ion  through t ime.
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Figure 15. Mulini a 1a te ra l is . Mean abundance on each sieve size (500,
250 um) by s ta tion through time.
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Paranais 1i t t o r a l i s  (Mul ler ,  1784)
Most r e c ru i t i n g  Paranais 1i t t o r a l i s , which does not produce pelagic 
larvae, appeared at the 3m s ta t io n  (Fig. 16). Abundances o f  juven i les  
and adults  were h igh ly  s i g n i f i c a n t l y  d i f f e r e n t  among s ta t ions  (Table 4). 
Juveni le  abundance was higher at  3 m than at 6 m or 12 m while adult 
abundance was higher at 3 m than at a l l  other s ta t ions .
Tub i f ico ides  spp.
Tub i f ico ides  wasel l i  and Tubi f ico ides brownae co n s t i tu te  th is  
taxonomic complex (R. J. Diaz, pers. comm.). No attempt was made to 
d is t in g u ish  the two since most ind iv idua ls  were immature and ol igochaete 
taxonomy is  based on adult  gen i ta l  morphology. Most ind iv idua ls  were 
reta ined on the 500 urn sieve (F ig . 17). Abundances on the 500 urn sieve , 
were s i g n i f i c a n t l y  d i f f e r e n t  among s ta t ions ;  the 3 m with  lower 
abundances than the 9m, 12 m and 18 m.
Leucon americanus (Zimmer, 1943)
Juveniles produced v ia  d i r e c t  brooding were present Ap r i l  24 
through the end o f  sampling (Fig. 18). No c lear  trend o f  abundance 
could be d is t ingu ished among e i th e r  the juven i les  or adults .
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Figure 16. Paranais 1i t t o r a l i s . Mean abundance on each sieve size
(500, 250 um) by s ta tion  through time.
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Figure 17. Tubificoides spp. Mean abundance on each sieve size (500,
250 um) by sta tion  through time.
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Figure 18. Leucon americanus. Mean abundance on each sieve size (500,
250 um) by sta tion through time.
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DISCUSSION
Early post-sett lement m o r ta l i t y  can s ig n i f i c a n t l y  reduce population 
abundances and a l t e r  d is t r ib u t io n s  before recruitment is  assessed. I f
the complexity o f  ear ly  population dynamics is  not considered in a
study’ s experimental design, inferences about sett lement and population 
dynamics may be in e r ro r .  In the present study, weekly sampling with a 
125 urn sieve dated sett lement to  w i th in  7 days and revealed the dynamics 
o f  recen t ly -se t t le d  populations. Length measurements o f  recent ly -  
se t t led  juven i les  agree well with published data f o r  the same or s im i la r  
species which produce pelagic larvae. Mean lengths o f  re cen t ly -se t t led  
juven i les  o f  some species found in th i s  study are: Asabell ides ocu la ta ,
791 urn; Streblospio bened ic t i . 563 urn; Eteone heteropoda. 504 urn;
Leitoscoloplos f r a g i l i s , 768 urn; Mediomastus ambiseta. 429 urn; Polvdora 
cornuta. 966 urn. Cazaux (1982) reported ear ly  benthic juven i les  o f  the 
ampharetid Alkmaria romi.ini were 550 urn long. Recently se t t led  
juven i les  o f  Streblosoio benedicti  are between 450 and 550 urn or 550 and 
650 urn fo r  p lanktotrophic  or le c i th o t ro p h ic  larvae, respect ive ly  (Levin, 
1984). Thorson (1946) reported tha t  Eteone longa is  about 1430 urn as an 
ea r ly  benthic ju ve n i le .  An Austra l ian population o f  Leitoscoloplos 
f r a g i l i s  is  659 urn when i t  se t t les  (Anderson, 1961). Orth (1971) found 
re cen t ly -se t t le d  juven i les  o f  Polvdora cornuta (=P. 1i g n i ) were about
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1300 um long. Thus, i t  appears tha t  the 125 um sieve reta ined the 
e a r l i e s t  benthic l i f e  stages o f  these animals.
Abundances o f  Asabel1 ides oculata and Eteone heteropoda ind icate  
d i f f e r e n t i a l  sett lement played an important ro le  in de f in ing  recruitment 
patterns while  abundances o f  Streblospio benedicti  suggest d i f f e r e n t i a l  
post-set t lement m o r ta l i t y  a l te red  i t s  recru itment pa t te rn .  Recently- 
se t t le d  and la te  juven i les  o f  /L oculata appeared in lesser  abundances 
at the 3 m s ta t ion  than at e i th e r  the 6 m, 9 m, 12 m s ta t io n .  The 3 m 
and 18 m s ta t ion  had s im i la r  mean abundances o f  ju ve n i le s ,  though 
variances at the 18 m s ta t ion  were high. This patchiness may have been 
due to physical dynamics (e.g. t i d a l  resuspension) or small-scale 
d i f f e r e n t i a l  sett lement at t h i s  deep water s ta t io n .  Adult  A. oculata 
(500 um sieve) had s ig n i f i c a n t l y  lower abundances at the 3 m s ta t ion  
than at any other s ta t io n .  Recent ly -set t led juven i les  o f  E. heteropoda 
displayed a pat tern opposite to  th a t  o f  A. oculata w i th  greater 
abundances at the 3 m s ta t ion  than the 18 m s ta t io n .  Nearly iden t ica l
patterns were evident fo r  la te  juven i les  and adul ts .  The i n i t i a l
d i s t r i b u t i o n  established by re c e n t ly -s e t t le d  juven i les  o f  both A. 
oculata and E. heteropoda was manifested in the d is t r i b u t io n s  o f  la te  
juven i les  and adults .  This suggests tha t  the pattern o f  recru itment fo r
these species was s t rong ly  inf luenced by sett lement.
Recent ly -se t t led  Streblospio  benedicti  had greater abundances at 3 
m, 6 m, 9 m and 12 m s ta t ions  than at the 18 m s ta t io n .  In contrast ,  
the adults were in s im i la r  abundance at 9m, 12 m and 18 m. Although 
the s ta t ions  remain in nearly iden t ica l  mean rank order o f  abundance, 
post-set t lement m o r ta l i t y  at  the 9 m and 12 m s ta t ions  e f f e c t i v e ly  
a l te red the pattern i n i t i a l l y  established by re cen t ly -se t t le d  juven i les .
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The abundance pattern fo r  re ce n t ly -se t t le d  and la te  juven i les  o f  
the o rb in id  Leitoscoloplos f r a o i l i s  ind icates no trend among s ta t ions ;  
however, the adult  abundances at 3 m were greater than at a l l  other 
s ta t io n s .  Although L. f r a o i l i s  re cen t ly -se t t le d  ju ven i les  were present 
at a l l  s ta t ions  (Fig. 9),  the abundances may ind ica te  tha t  t h is  species 
maintains low-level recru i tment through spring and summer. Data from a 
neighboring study s i t e  (Diaz, unpub. data) ind icated the major
recru i tment pulse occurs during the f a l l  and w in te r .  I t  is  not c lea r  i f
d i f f e r e n t i a l  sett lement or d i f f e r e n t i a l  m o r ta l i t y  accounts fo r  the high 
adu l t  abundances o f  L. f r a o i l i s  at 3 m. Another species in which these 
processes could not be re a d i ly  d is t ingu ished is  the c a p i t e l l i d  
Mediomastus ambiseta. Greater abundances o f  re c e n t ly - s e t t le d  juven i les  
appeared at the 3 m s ta t ion  than at 18 m while  the adu l t  pattern was
exact ly  opposite; however, the major recru itment pulse began the la s t
two weeks o f  the study and appeared to  be high at a l l  s ta t ions .
Larvae o f  M. ambi seta may a c tu a l ly  p re fe r  to  s e t t l e  in f i n e r  sediment 
s ta t ions  (6 m, 9m, 12 m and 18 m). D u b i l ie r  (1988) demonstrated tha t  
o rgan ic - r ich  mud st imulates sett lement in the con fam i l ia l  species 
Capitel 1 a sp. I .  I t  is  possible tha t  the main recruitment pulse o f  M. 
ambiseta resu l ts  in higher abundances in the deeper s ta t ions .  The adult  
d i s t r i b u t i o n  o f  the b ivalve Mulin ia 1a te ra l i s  is  also higher at the 
deeper s ta t ions  than at 3 m. V i rns te in  (1977) found predation by the 
blue crab Cal l inectes sapidus g rea t ly  reduced abundances o f  M. 1a te ra l i s  
in a shallow sub-t ida l  exclosure. Chesapeake Bay watermen deploy crab 
pots from 1.8 to 18 m o f  water (Van Engel, 1962) suggesting blue crabs 
forage to  tha t  water depth; however, i t  is  possib le tha t  deeper waters 
may act as a refuge from predation f o r  M. la te ra l  is  when C. sapidus
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migrates to shallow water in the spr ing. Unfortunate ly ,  the sampling 
schedule did not al low a d i s t i n c t i o n  between sett lement and post­
sett lement m o r ta l i t y  o f  re c en t ly -se t t le d  juven i les  o f  L. f r a o i l i s . M. 
ambi seta or M. 1a te ra l i  s .
The ol igochaete Paranais 1i t t o r a l i s  reproduces w ithout  a pelagic 
developmental stage. A few ind iv idua ls  appeared at the middle s ta t ions 
o f  the t ransect  but most juven i les  and nearly a l l  adults were found at 
the 3 m s ta t io n .  The marked seasonal recruitment pulse observed in th is  
study has also been noted in a European population o f  P. 1i t t o r a l i s  
(Bagheri and McLusky, 1982). Although Tubi f ico ides spp. abundances were 
not d i f f e r e n t  among s ta t ions  f o r  juven i les ,  adu l t  abundances were 
c le a r l y  greater in the deeper, f i n e r  sediment s ta t ions .  Prolonged 
recru itment punctuated by periods o f  high m o r ta l i t y  t y p i f y  population 
dynamics o f  Tub i f ico ides  spp. in the lower York River (Diaz, 1984).
Sett lement pat terns,  as indicated by re c e n t ly -s e t t le d  juven i les  
(125 um s ieve) ,  are the re s u l t  o f  several scales o f  processes: 1) la rge- 
scale la rva l  supply (Hannan, 1981; Grosberg, 1981; Gaines et al_., 1986),
2) meso-scale passive deposit ion o f  larvae (Eckman, 1983; Hannan, 1984; 
Butman, 1986) and 3) smal l-scale act ive hab i ta t  se lec t ion  by larvae 
(Scheltema, 1974; Woodin, 1985; D ub i l ie r ,  1988). Although no data was 
co l lec ted  to resolve t h e i r  r e la t i v e  con tr ibu t ions ,  a l l  o f  these 
processes may have in teracted to  produce the observed sett lement 
pat terns along the study t ransect .
The reduction in species abundance may have been the re s u l t  o f  
m o r ta l i t y ,  emigration (passive or active) or burrowing below sampling 
depth. M o r ta l i t y  o f  ear ly  benthic juven i les  can be high (Zajac and 
Whit la tch ,  1982; Watzin, 1983). D irect  a d u l t - ju v e n i le  in te rac t ions
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(Woodin, 1976) include ingest ion o f  larvae from the water column 
(Wil l iams, 1980; Wilson, 1980; Peterson, 1982) and o f  juven i les  from 
surface sediment (Wilson, 1981; O l ive r  et al_., 1982; Elmgren et al_,
1986). Established infauna can also induce m o r ta l i t y  i n d i r e c t l y  by 
burying larvae and juven i les  w i th  sediment displaced by feeding, 
burrowing and defecating (Rhoads and Young, 1970; Brenchley, 1981;
Wilson, 1981). In te rac t ions  with  meiofauna have also proven to decrease 
ju v e n i le  macrofaunal abundance (Bel l  and C ou l l , 1979; Watzin, 1983,
1986). V i rns te in  (1977, 1979) found the blue crab Ca l l inec tes  sapidus 
and the bottom-feeding f i s h  Leistomus xanthurus e f f e c t i v e l y  reduced 
abundances o f  shallow-dwell ing infauna such as Strebl ospio bened ic t i ,
Polvdora cornuta (=P. 1i g n i ) and Mulin ia  la te ra l  i s . Act ive  emigration 
is  possib le  in more moti le  species l i k e  S. benedict i  (Dauer et al_.,
1981). Passive t ranspor t  by waves or t i d a l  currents (Tamaki, 1986; 
Luckenbach, 1986) could also account f o r  the reduct ion o f  abundances.
Benthic faunal samples in th i s  study represent only the top 2 cm o f  the 
sediment and i t  could be argued tha t  reduced abundances r e f l e c t  deeper 
burrowing o f  o lder animals. Large decreases in abundances occurred 
w i th in  2 to  3 weeks o f  sett lement and i t  does not seem l i k e l y  tha t  these 
animals grew large enough to  burrow below 2 cm, espec ia l ly  the surface- 
deposit feeders S. benedict i  and A. ocu la ta .
E f fo r ts  to evaluate recru itment in soft-bottom hab i ta ts  have 
h i s t o r i c a l l y  been confounded by inadequate sampling techniques. Recent 
studies have employed in tensive spat ia l  and temporal sampling which has 
revealed the complexity o f  ea r ly  population dynamics in soft-bottom 
hab i ta ts  (Luckenbach, 1984; Bachalet, 1984; Shaffer,  1983). Such 
r igorous techniques may be espec ia l ly  important in h igh ly  var iable
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hab i ta ts  such as estuar ies (L iv ingston,  1987). Luckenbach (1984) found 
the abundance pat tern  i n i t i a l l y  established by re c e n t ly - s e t t le d  Mulini a 
1a te r a l i s  changed su b s ta n t ia l l y  in ju s t  30 days. This species absence 
in the recent study may be the re s u l t  o f  post-set t lement m o r ta l i t y  
ra the r  than f a i l u r e  to  s e t t l e  (V i rns te in ,  1977). Sampling biweekly with 
a 265 um sieve, Muus (1973) found sett lement d i s t r i b u t i o n  beween two 
s ta t ions  (18 and 27 m) coincided with l a te r  adu l t  d i s t r i b u t io n s  in 10 o f  
11 b iva lve  species. The present study reveals both sett lement and post­
sett lement m o r ta l i t y  can s i g n i f i c a n t l y  in f luence abundance patterns o f  
estuar ine polychaetes in a short  time and h igh l igh ts  again the 
d i f f i c u l t y  o f  in fe r r in g  population dynamics from data co l lec ted  long 
a f t e r  sett lement.
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APPENDIX I Abundance, t o ta l  and by sieve, o f  benthic invertebrates 
co l lec ted  in the study.
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APPENDIX I .  Abundance to ta l  and breakdown by sieve o f  a l l  species
co l lec ted .  Taxon code: A-Amphipod, B-Bivalve, C-Cumacean, 
G-Gastropod, I- Isopod, N-Nemertean, 0-01igochaete, 
P-Polychaete, Pc-Pycnogonid, Ph-Phoronid, Po-Polyclad.
Species
Total
Abundance 500 um 250 um 125 um
Asabell ides oculata (P) 23,566 1,576 4,960 17,030
Mediomastus ambiseta (PI 14,424 3,524 4,512 6,388
StreblosDio benedicti  (P) 11,450 1,970 5,115 4,365
Paranais l i t t o r a l i s  (01 2,841 1,338 1,399 104
Eteone heteroDoda (P) 1,640 249 636 755
Tub i f ico ides  spp. (0) 1,413 887 414 112
LeitoscoloDlos f r a a i l i s  (PI 1,048 349 399 300
Leucon americanus (Cl 1,045 637 407 1
Glvcinde s o l i t a r i a  (PI 983 282 566 135
Mulin ia  l a t e r a l i s  (B) 790 661 128 1
Polvdora cornuta (PI 566 216 293 57
Polycladi a 488 296 142 50
Ampelisca abdita (A) 345 261 84 0
Odostmia enqonia (G) 256 242 15 0
Acteocina cana l icu la ta  (G1 250 212 38 0
ParaDrionosDio Dinnata (PI 227 214 13 0
Pect inar ia  qou ld i i  (P) 218 58 48 112
CoroDhium tuberculatum (A1 165 101 64 0
Acteon Dunctostriatus (G1 150 33 117 0
C a u le r ie l la  sp. (PI 123 46 69 8
Pelecypoda 110 1 29 80
Taqelus Dlebius (B1 55 25 25 5
Clvmenella torauata (P) 42 42 0 0
Nereis succinea (PI 39 30 9 0
Lvonsia hvalina (B) 39 17 18 4
Gammarus mucronatus (A1 37 15 22 0
Gvptis sp. (P) 37 0 21 16
ScolecoleDides v i r i d i s  (P) 36 24 11 1
Edotea t r i l o b a  (11 32 32 0 0
Phoronis (Ph) 31 30 1 0
AmphiDorus sp. (N1 28 27 1 0
Saccoqlossus kowalewskii (H) 28 21 7 0
Siqambra ten tacu la ta  (PI 25 21 4 0
Gastropoda 22 0 1 21
C i r ra tu l id a e  (P) 21 0 0 21
Coronadena mutab i l is  (Po) 16 1 14 1
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APPENDIX I .  (continued)
Total
Species Abundanace 500 um 250 um 125 um
Heteromastus f i l i f o r m i s  (P) 16 15 1 0
Cvclostremiscus Dentaoona (G) 15 0 0 15
Ensis d i rec tus  (B) 15 8 7 0
Stvlochus e l l i p t i c u s  (N) 14 10 0 4
T e l l in a  (B) 14 0 14 0
CaDrella e q u i l ib ra  (A) 14 6 8 0
Glvcera americana (P) 11 2 9 0
Nephtys sp. (P) 10 0 7 3
Anthozoa 10 10 0 0
Monoculodes edwardsii (A) 9 8 1 0
Sabella microDhthalma (P) 9 9 0 0
Idunel la  clvmenellae (A) 9 5 4 0
AniDlisca vadorum (A) 9 9 0 0
Pinnixa savana (D) 7 7 0 0
Phvllodoce arenae (P) 5 3 2 0
Mercenaria mercenaria (B) 5 1 4 0
Rhynchocoela 5 4 1 0
Oqvrides a lDhaerostr is  (D) 5 5 0 0
T e l l in a  a a i l i s  (B) 4 4 0 0
Turbon i l la  in terruDta (G) 4 4 0 0
Glyceridae (P) 4 4 0 0
Gemma qemma (B) 4 1 3 0
Harmothoe extenuata (P) 3 3 0 0
SDio setosa (P) 2 2 0 0
Mel i ta  n i t i d a  (A) 2 1 1 0
Neomvsis americana (C) 1 1 0 0
Polynoidae (P) 1 1 0
SoioDhanes bombvx (P) 1 1 0 0
Tharvx set iqera (P) 1 1 0 0
Stenothoe minuta (A) 1 1 0
ScoleleDis sauamata (P) 1 1 0 0
Tanvstvlum orb icu lare  (Pel 1 1 0 0
Anadara transversa (B) 1 1 0 0
Loimia medusa (P) 1 1 0 0
Glvcera sp. (P) 1 0 1
Oxvurostvlus smithi (C) 1 1 0 0
Idunel la  barnard i i  (A) 1 1 0 0
MvsidoDsis biqelowi (A) 1 0 0 0
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APPENDIX I I .  Taxonomic key l i s t .
70
Abbott , R. T. 1974. American Seashells. Van Nostrand Reinhold, New 
York. 663. p.
Bousf ie ld ,  E. L. 1973. Shallow-water gammaridean Amphipoda o f  New 
England. Cornell Un ive rs i ty  Press, London. 312 p.
Day, J. H. 1973. New Polychaeta from Beaufort, with  a key to  a l l
species recorded from North Carol ina. NOAA Technical Report NMFS 
CIRC-375. 140 p.
Fauchald, K. 1977. The polychaete worms. D e f in i t ion s  and keys to the 
orders, fa m i l ies  and genera. Nat. H is t .  Mus. Los Angeles Cty S c i .
Ser. 28: 1-190.
Foster, N. M. 1971. Spionidae (Polychaeta) o f  the Gulf  o f  Mexico and 
the Caribbean Sea. Stud. Fauna Curacao Other Caribb. I s i .
36(129): 1-183.
Gardiner, S. L. 1975. Errant polychaete annelids from North Carolina.
J. El isha M i tche l l  Sci . Soc. 91(3): 77-220.
Gosner, K. L. 1971. Guide to i d e n t i f i c a t i o n  o f  marine and estuarine
inver tebra tes .  Wiley, New York. 693 p.
Hobson, K. D. and K. Banse. 1981. Sedentariate and archiannelid
polychaetes o f  B r i t i s h  Columbia and Washington. Can. Bu l l .  Fish.
Aquat. Sci . 209: 1-144.
L igh t ,  W. J. 1978. Spionidae (Polychaeta, Annelida).  Boxwood Press, 
P a c i f ic  Grove, C a l i fo rn ia .  211 p.
Mackie, A. S. Y. 1987. A review of species cu r re n t ly  assigned to the
genus Lei toscoloplos Day, 1977 (Polychaeta: O rb in i idae) ,  with 
descr ip t ions  newly re fe r red  to Scoloolos B la i n v i l l e ,  1828. Sarsia.
72: 1-28.
Maciolek, N. J. 1987. New species and records o f  Scololeois
(Polychaeta: Spionidae) from the east coast o f  North America, with 
a review o f  the subgenera. B io l .  Soc. Wash. 7: 16-40.
McCloskey, L. R. 1973. Marine f l o r a  and fauna o f  the northeastern
United States. Pycnogonida. NOAA Technical Report NMFS CIRC-386.
12 p.
Pett ibone, M. H. 1963. Marine polychaete worms o f  the New England
Region. 1. Families Aphrodit idae through Trochochaetidae. Bu l l .
U.S. Natn. Mus. 227(1): 1-356.
Pett ibone, M. H. Sedentary polychaetes o f  New England region. 55 p.
Unpubli shed.
Schultz,  G. A. 1969. The marine isopod crustaceans. Wm, C. Brown,
Oubuque, Iowa. 359 p.
71
Turgeon, D. D. 1968. Guide to estuarine and inshore bivalves o f  
V i rg in ia .  M. S. Thesis. The College o f  Wi l l iam and Mary, 
Wil l iamsburg, V i rg in ia .  126 p.
Uebelacker, J. M. and P. G. Johnson. 1984. Taxonomic guide to the 
polychaetes o f  the northern Gulf  o f  Mexico. Final Report to the 
Minerals Management Service, contract  14-12-001-29091. Barry A. 
V i t t o r  & Associates, Inc. Mobile, Alabama. 7 vo ls .
Watl ing, L. 1979. Marine f l o r a  and fauna o f  the northeastern United 
States. Crustacea: Cumacea. NOAA Technical Report NMFS CIRC-423. 
27 p.
TAXONOMIC KEYS TO EARLY JUVENILES
Blake, J. A. 1975. The la rva l  development o f  polychaeta from the 
northern C a l i fo rn ia  coast. I I I .  Eighteen species o f  e r ran t ia .  
Ophelia. 14: 23-84.
Chanley, P. and J. D. Andrews. 1971. Aids fo r  i d e n t i f i c a t i o n  o f  
b iva lve larvae o f  V i rg in ia .  Malacologia. 11(1): 45-119.
L a c a l l i ,  T. C. 1980. A guide to the marine f l o r a  and fauna of  the Bay
o f  Fundy: polychaete larvae from the Passamaquoddy Bay. Can.
Tech. Rep. Fish. Aquat. Sci . 940, iv  + 27 p.
Yokoyama, H. 1981. Larval development o f  a spionid polychaete 
Paraprionospio pinnata (Ehlers) .  Publi .  Seto Mar. Lab. XXVI 
(1/3):157-170.
LITERATURE C ITED
Anderson, D. T. 1961. The development o f  the polychaete Haoloscolo p ! os 
f r a o i l i s . Quart. J. Micr. Sci. 102:257-272.
Bachelet, G. 1984. Le recrutement des populations annelidiennes sur 
substra t  meuble: aspects methodologiques. Oceanis 10:735-746.
Bagheri , E. A. and D. S. McLusky. 1982. Population dynamics o f
ol igochaetes and small polychaetes in the po l lu ted  Forth estuary 
ecosystem. Neth. J. Sea Res. 16:55-66.
B e l l ,  S. S. and B. C. C ou l l . 1979. Experimental evidence f o r  a model
o f  ju v e n i le  macrofauna-meiofauna in te ra c t io n s ,  p. 179-192. In :  K. 
R. Tenore and B. C. Coull (eds.) ,  Marine Benthic Dynamics. Univ. 
o f  South Carolina Press, Columbia.
Boesch, D. F., M. L. Wass and R. W. V i rns te in .  1976. The dynamics o f  
estuarine benthic communities, p. 177-196. In :  M. Wiley (ed.) ,  
Estuarine Processes, Vol. 1. Academic Press, New York.
Brenchley, G. A. 1981. Disturbance and community s t ruc tu re :  an 
experimental study o f  b io tu rba t ion  in marine soft -bottom 
environments. J. Mar. Res. 39:767-790.
Butman, C. A. 1986. Larval sett lement o f  soft-sediment inver tebrates:  
some pred ic t ions  based on an analysis o f  near-bottom v e lo c i ty  
p r o f i l e s ,  p. 487-513. In :  J. C. J. Nihoul (ed . ) ,  Marine In terfaces 
Ecohydrodynamics. E lsev ier Oceanogr. Ser. , 42.
Butman, C. A. 1987. Larval sett lement o f  soft-sediment inver tebrates:  
the spa t ia l  scales o f  pat tern explained by act ive hab i ta t  se lect ion 
and the emerging ro le  o f  hydrodynamical processes. Oceanogr. Mar. 
B io l .  Ann. Rev. 24.
Cameron, R. A. and S. C. Schroeter. 1980. Sea urchin recruitment:
e f fe c t  o f  substrate se lect ion  on juve n i le  d i s t r i b u t i o n .  Mar. Ecol. 
Prog. Ser. 2:243-247.
Cazaux, C. 1982. Developpement la rva i re  de L’ Ampharetidae lagunaire 
A1 kmaria romi.ii Horst 1919. Cahiers de Bio log ie  Marine. Tome 
X X I I I :143-157.
Connell,  J. H. 1985. The consequence of  va r ia t ion  in i n i t i a l  sett lement 
vs. post-sett lement m o r ta l i t y  in rocky i n t e r t i d a l  communities. J. 
Exp. Mar. Ecol. 93:11-45.
72
73
Dauer, D. M., C. A. Maybury and R. M. Ewing. 1981. Feeding behaviour 
and general ecology o f  several spionid polychaetes from the 
Chesapeake Bay. J. Exp. Mar. B io l .  Ecol. 105:197-206.
Diaz, R. J. 1984. Short term dynamics o f  the dominant annelids in a 
po lyha l ine temperate estuary. Hydrobiologia. 115:153-158.
D u b i l ie r ,  N. 1988. H?S - -  A sett lement cue or a to x ic  substance fo r  
C ap i te l1 a sp. I larvae? B io l .  Bu l l .  174:30-38.
Eckman, J. E. 1983. Hydrodynamic processes a f fe c t in g  benthic 
recru i tment.  Limnol. Oceanogr. 28:241-257.
Elmgren, R., S. Ankar, B. Marteleur and G. Ejdung. 1986. Adult
in te r fe rence  with  postlarvae in soft-sediments: the Pontoporeia- 
Macoma example. Ecology 67:827-836.
Folk, R. L. 1980. Petrology o f  Sedimentary Rocks. Hemphill Publishing 
Co., Aust in ,  Texas. 184 pp.
Gaines, S., S. Brown and J. Roughgarden. 1985. Spat ia l va r ia t ion  in
la rva l  concentrat ions as a cause o f  spat ia l  v a r ia t io n  in sett lement 
f o r  the barnacle, Balanus g landu la . Oecologia 67:267-272.
Gibbs, R. J. 1974. A s e t t l i n g  tube system fo r  sand-size analysis.  J. 
Sed. Pet. 44:583-588.
Gibbs, R. J . ,  M. D. Matthews and D. A. Link. 1971. The re la t ionsh ip  
between sphere size and s e t t l i n g  v e lo c i ty .  J. Sed. Pet. 41:7-18.
Grosberg, R. K. 1982. I n te r t i d a l  zonation o f  barnacles: the inf luence 
o f  p lanktonic  zonation o f  larvae on v e r t i c a l  d i s t r i b u t i o n  o f  
adu l ts .  Ecology 63:894-899.
Haas, L. W. 1977. The e f fe c t  o f  the spring neap t i d a l  cycle on the 
v e r t i c a l  s a l i n i t y  s t ruc tu re  o f  the James, York and Rappahannock 
Rivers, V i rg in ia ,  U.S.A. Estuarine Coastal Mar. Sci . 5:485-496.
Hannan, C. A. 1981. Polychaete la rva l  sett lement:  correspondence of
patterns in suspended j a r  co l le c to rs  and in the adjacent natural 
hab i ta t  in Monterey Bay, C a l i fo rn ia .  Limnol. Oceanogr. 26:159- 
171.
Hannan C. A. 1984. Planktonic larvae may act l i k e  passive p a r t ic le s  
in tu rbu len t  near-bottom f lows. Limnol. Oceanogr. 29:1108-1116.
Heffernan, P. 1985. Demography o f  Pholoe minuta (Polychaeta:
S igal ion idae) in Galway Bay, west coast o f  I re land ,  with special 
reference to sett lement and recruitment patterns.  Mar. B io l .  84: 
323-329.
74
Highsmith, R. C. 1982. Induced sett lement and metamorphosis o f  sand 
d o l l a r  (Dentraster excen tr icus) larvae in p reda tor- f ree  s i tes :  
adu l t  sand d o l la r  beds. Ecology 63:329-337.
Hobbs, C. H. 1986. Side-scan sonar as a tool fo r  mapping spat ia l  
va r ia t ion s  in sediment type. Geo-Mar. Let ters  5:241-245.
Hollander, M. and D. A. Wolfe. 1973. Nonparametric S t a t i s t i c a l  
Methods. New York: John Wiley & Sons.
Keough, M. J. and B. J. Downes. 1982. Recruitment o f  marine 
inver tebra tes :  the ro le  o f  act ive  la rva l  choices and ear ly  
m o r ta l i t y .  Oecologia 54:348-352.
Levin, L. A. 1984. M u l t ip le  patterns o f  development in Streblospio 
benedicti  Webster (Spionidae) from three coasts o f  North America. 
B io l .  B u l l .  166:494-508.
L iv ings ton,  R. J. 1987. F ie ld  sampling in estuar ies:  the re la t ionsh ip
o f  scale to v a r i a b i l i t y .  Estuaries 10:194-207.
Luckenbach, M. W. 1984. Sett lement and ear ly  post-set t lement survival
in the recru itment o f  Mul in ia  1 ateral i s (B iv a lv ia ) .  Mar. Ecol.
Prog. Ser. 17:245-250.
Luckenbach, M. W. 1986. Sediment s t a b i l i t y  around animal tubes: the
ro les o f  hydrodynaimc processes and b io t i c  a c t i v i t y .  Limnol. 
Oceanogr. 31:779-787.
McIntyre, A. D. 1969. Ecology o f  marine meiobenthos. B io l .  Rev.
Camb. Philos. Soc. 44:245-290.
Meadows, P. S. and J. I .  Campbell. 1972. Habitat  se lect ion  by aquatic 
inver tebra tes .  Adv. Mar. B io l .  10:271-382.
Mi le ikovsky, S. A. 1971. Types o f  la rva l  development in marine bottom 
inver tebra tes,  t h e i r  d i s t r i b u t i o n  and ecological s ign i f icance :  a 
re -eva lua t ion .  Mar. B io l .  10:193-213.
Muus, K. 1973. S e t t l in g ,  growth and m o r ta l i t y  o f  young bivalves in 
the Oresund. Ophelia 12:79-116.
O l ive r ,  J. S., J. M. Oakden and P. N. S la t te ry .  1982. Phoxocephalid
amphipod crustaceans as predators on larvae and juven i les  in marine 
soft -bottom communities. Mar. Ecol. Prog. Ser. 7:179-184.
Orth, R. J. 1971. Observations on the p lanktonic  larvae o f  Polvdora 
1ioni Webster (Polychaeta: Spionidae) in the York River, V i rg in ia .  
Chesapeake Sci. 12:121-124.
Orth, R. J. and J. van Montfrans. 1987. U t i l i z a t i o n  o f  a seagrass
meadow and t i d a l  marsh creek by blue crabs Cal1inectes sapidus. I .
Seasonal and annual va r ia t ions  in abundance with emphasis on post­
sett lement juven i les .  Mar. Ecol. Prog. Ser. 41:283-294.
75
Petersen, C. G. Joh. 1913. Valuation o f  the sea. I I .  The animal
communities o f  the sea bottom and t h e i r  importance fo r  marine
zoogeography. Rep. Danish B io l .  S ta t .  21:1-41.
Peterson, C. H. 1982. The importance o f  predation and i n t r a -  and
in te r s p e c i f i c  competit ion in the populat ion b io logy o f  two infaunal 
suspension-feeding b iva lves,  Protothaca staminea and Chione 
u n d a te l la . Ecol. Mono. 52:437-475.
Peterson, C. H. 1985. Enhancement o f  Mercenaria mercenaria dens i t ies
in seagrass beds: is  pat tern f ixed during sett lement season or 
a l te red  by subsequent d i f f e r e n t i a l  surv iva l?  Limnol. Oceanogr. 
31:200-205.
Rhoads, D. C. and D. K. Young. 1970. The in f luence o f  deposit -feeding 
organisms on sediment s t a b i l i t y  and community t roph ic  s t ruc tu re .
J. Mar. Res. 28:150-174.
Sarver, D. 1979. Recruitment and juve n i le  surv iva l  in the sea hare 
Apl vsia .iul iana (Gastropod: Opis tobranchia) . Mar. B io l .  54:353- 
361.
Sastry,  A. N. 1979. Pelecypoda (excluding Ostre idae),  pp 113-292. In :
A. C. Giese and J. S. Pearse (eds), Reproduction o f  Marine
Invertebr taes, Vol. IV. Molluscs: Pelecypods and Lesser Classes. 
Academic Press, New York.
Scheltema, R. S. 1974. B io log ica l  in te rac t ions  determining la rva l
sett lement o f  marine inver tebra tes.  Thalassia Jugos l . 10:263-296.
Schroeder, P. C. and C. 0. Hermans. 1975. Annelida: Polychaeta, pp. 1-
213. I n :  A. C. Giese and J. S. Pearse (eds .) ,  Reproduction o f
Marine Invertebrates,  Vol. I I I .  Annelids and Echiurans. Academic 
Press, New York.
Segerstra le , S. G. 1960. Fluctuat ions in the abundance o f  benthic 
animals in the B a l t i c  area. Soc. Scient.  Fenn., Comment. B io l .  
XX I I I :  9, 1-19.
Segerstra le , S. G. 1962. Invest iga t ions on B a l t i c  populations o f  the 
b iva lve Macoma Balth ica ( L . ) .  Soc. Scient.  Fenn., Comment. B io l .  
XXIV: 7, 1-26.
Shaffer ,  P. L. 1983. Population ecology o f  Heteromastus f i l i f o r m i s  
(Polychaeta: Capitel 1id a e ) . Neth. J. Sea Res. 17:106-125.
Stimson, J. 1974. An analysis o f  the pattern o f  d ispers ion o f  the 
hermatypic coral Pocil lopora meandrina var. nob! is  V e r r i l l .
Ecology 55:445-449.
Tamaki, A. 1987. Comparison o f  r e s i s t i v i t y  to t ranspor t  by wave action 
in several polychaete species on an i n t e r t i d a l  sand f l a t .  Mar. 
Ecol. Prog. Ser. 37:181-189.
76
T h is t l e ,  D. 1981. Natural physical disturbances and communities of
marine so f t  bottoms. Mar. Ecol. Prog. Ser. 6:223-228.
Thorson, G. 1946. Reproduction and la rva l  development o f  Danish marine
bottom inver tebra tes,  with  special reference to the p lanktonic 
larvae in the sound (Oresund). Meddr. Kommn. Havunders. Ser. 
Plankton, Bd 4, pp. 1-523.
Thorson, G. 1950. Reproductive and la rva l  ecology o f  marine bottom
inver tebra tes .  Bio. Rev. 25:1-45.
Thorson, G. 1966. Some fac to rs  in f luenc ing the recru i tment and
establishment o f  marine benthic communities. Nether. J. Sea Res. 
3:267-293.
Underwood, A. J. and E. J. Denley. 1984. Paradigms, explanations and 
genera l iza t ions in models f o r  the s t ruc tu re  o f  i n t e r t i d a l  
communities on rocky shores, pp. 151-180. I n :  D. Strong, D. 
S imber lo f f ,  L. G. Abele and A. B. T h is t le  (eds), Ecological 
Communities: Conceptual Issues and the Evidence. Princeton 
Un ive rs i ty  Press, Pr inceton.
Van Engel, W. A. 1962. The blue crab and i t s  f i s h e ry  in the Chesapeake 
Bay. Part 2 - types o f  gear f o r  hard crab f i s h in g .  Commer. Fish. 
Rev. 24:1-10.
V i rn s te in ,  R. W. 1977. The importance o f  predation by crabs and f ishes 
on benthic infauna in Chesapeake Bay. Ecology 58:1199-1217.
V i rn s te in ,  R. W. 1979. Predation on estuarine infauna: response 
patterns o f  component species. Estuaries 2:69-86.
Watzin, M. C. 1983. The e f fec ts  o f  meiofauna on s e t t l i n g  macrofauna:
meiofauna may s truc tu re  macrofaunal communities. Oecologia 59:163- 
166.
Watzin, M. C. 1986. Larval sett lement in to  marine soft-sediment
systems: in te rac t ions  with  the meiofauna. J. Exp. Mar. B io l .  Ecol. 
98:65-113.
Wethey, D. S. 1984. Spatial pat tern in barnacle sett lement:  day to day
changes during the sett lement season. J. Mar. B io l .  Ass. U. K. 
64:687-698.
Wigley, R. L. 1967. Comparative e f fec ienc ies o f  van Veen and Smith-
Mclntyre grab samplers as revealed by motion p ic tu res .  Ecology 
48:168-169.
Wil l iams, J. G. 1980. Growth and surv iva l in newly se t t le d  spat o f  the 
Manila clam, Tapes japon ica . Fisher ies Bu l l .  77:891-900.
Wilson, W. H., J r .  1980. A labora tory  inves t iga t ion  o f  the e f fe c t  o f  a 
t e r e b e l l i d  polychaete on the surv ivorship  o f  nereid polychaete 
la rvae. J. Exp. Mar. Ecol. B io l .  46:73-80.
Wilson, W. H., J r .  1981. Sediment-mediated in te rac t ion s  in a densely 
populated infaunal assemblage: the e f fe c ts  o f  the polychaete 
Abarenicola p a c i f i c a . J. Mar. Res. 39:735-748.
Woodin, S. A. 1976. A d u l t - la rv a l  in te rac t ions  in dense fauna!
assemblages: patterns o f  abundance. J. Mar. Res. 34:25-41.
Woodin, S. A. 1985. Ef fec ts  o f  defecation by a ren ico l id  polychaete
adults on spionid ju ven i les  in f i e l d  experimentation: se lec t ive
sett lement or d i f f e r e n t i a l  m o r ta l i t y .  87:119-132.
Woodin, S. A. 1986. Sett lement o f  infauna: la rva l  choice? Bu l l .  Mar.
Sci . 39:401-407.
Wright, L. D., D. B. P r io r ,  C. H. Hobbs, R. J. Byrne, J. D. Boon, L. C.
Shaffner and M. 0. Green. 1987. Spatial  v a r i a b i l i t y  o f  bottom
types in the lower Chesapeake Bay and ad jo in ing estuaries and inner 
sh e l f .  Estuarine Coastal Shelf  Sci. 24:765-784.
Yund, P. 0 . ,  C. W. Cunningham and L. W. Buss. 1987. Recruitment and 
postrecruitment in te rac t ions  in a co lon ia l  hydroid. Ecology 
68:971-982.
Zajac, R. N. and R. W. Whit la tch.  1982. Responses o f  estuarine infauna 
to dis turbance. I .  Spat ia l and temporal va r ia t ion s  in i n i t i a l
reco lon iza t ion .  Mar. Ecol. Prog. Ser. 10:1-14.
78
VITA
Er ik  Chr is t ian  Zobr is t
Born in Moline, I l l i n o i s  on September 21, 1961, the author 
graduated from Harry S Truman High School, Independence, Missouri in 
1979. Awarded a B.A. in Biology from Grinnell  College, G r inne l l ,  Iowa 
in  1983.
Entered the College o f  Wil l iam and Mary, School o f  Marine Science, 
in  August 1983 as a graduate ass is tant  in the Department o f  Geological 
and Benthic Oceanography.
